Abstract We describe the nearly complete genome of a highly divergent parvovirus, we tentatively name Sesavirus, from the feces of a California sea lion pup (Zalophus californianus) suffering from malnutrition and pneumonia. The 5,049-base-long genome contained two major ORFs encoding a 553-aa nonstructural protein and a 965-aa structural protein which shared closest amino acid identities of 25 and 28 %, respectively, with members of the copiparvovirus genus known to infect pigs and cows. Given the low degree of similarity, Sesavirus might be considered as prototype for a new genus with a proposed name of Marinoparvovirus in the subfamily Parvovirinae. Here we used metagenomics deep sequencing to analyze five rectal swabs collected from wild sea lions from Northern California. Fecal suspensions were vortexed and then clarified by 15,0009g centrifugation for 10 min. The supernatants were pooled and filtered through a 0.45-lm filter (Millipore) to remove bacterium-sized particles. The filtrate was treated with a mixture of enzymes to digest unprotected nucleic acids, and then viral nucleic acids were extracted [2] . Random RT-PCR was then used to amplify RNA and DNA, and a library was constructed for Illumina sequencing (MiSeq 2 9 250 bases) using Nextera TM XT Sample Preparation Kit. Translated sequence reads showing sequence similarity to viral sequences with E score \10 -5 were identified using BLASTx. Out of 18,098 sequence reads, 187 reads encoded parvovirus-related proteins. Forty-three reads and 31 reads encoded picornavirus-and anelloviruses-related proteins. Picornavirus has been previously reported in feces of sea lions [3] and was not analyzed further. The majority of anellovirus reads mapped closest to a previously described sea lion anellovirus [4] . Anelloviruses are highly prevalent infections in many mammals and generally considered to cause commensal infections [5] . The nearly complete genome of the parvovirus, named Sesavirus for sea lion stool associated parvovirus, was then determined by filling gaps in the metagenomics sequence reads by PCR and Sanger-sequencing the amplicons. The individual swab specimen within the pool containing this viral genome was then identified by PCR. Primers Sesa-F1 (5 0 -AGA TTC GCT GCC AAC TAC GGA ACT GT-3 0 ) and Sesa-R1 (5 0 -GTC CTT GCC TTT TTC GTG TCT GGT TC-3 0 ) were
The study
Parvoviruses are small, non-enveloped, single-stranded DNA viruses. The family Parvoviridae currently consists of two subfamilies: Densovirinae and Parvovirinae. While the members of the subfamily Densovirinae infect invertebrates, those of the subfamily Parvovirinae infect vertebrates [1] . The subfamily Parvovirinae is currently classified into eight genera that have been reported in a wide range of hosts including mammalian and bird species [1] .
Here we used metagenomics deep sequencing to analyze five rectal swabs collected from wild sea lions from Northern California. Fecal suspensions were vortexed and then clarified by 15,0009g centrifugation for 10 min. The supernatants were pooled and filtered through a 0.45-lm filter (Millipore) to remove bacterium-sized particles. The filtrate was treated with a mixture of enzymes to digest unprotected nucleic acids, and then viral nucleic acids were extracted [2] . Random RT-PCR was then used to amplify RNA and DNA, and a library was constructed for Illumina sequencing (MiSeq 2 9 250 bases) using Nextera TM XT Sample Preparation Kit. Translated sequence reads showing sequence similarity to viral sequences with E score \10 -5 were identified using BLASTx. Out of 18,098 sequence reads, 187 reads encoded parvovirus-related proteins. Forty-three reads and 31 reads encoded picornavirus-and anelloviruses-related proteins. Picornavirus has been previously reported in feces of sea lions [3] and was not analyzed further. The majority of anellovirus reads mapped closest to a previously described sea lion anellovirus [4] . Anelloviruses are highly prevalent infections in many mammals and generally considered to cause commensal infections [5] . The nearly complete genome of the parvovirus, named Sesavirus for sea lion stool associated parvovirus, was then determined by filling gaps in the metagenomics sequence reads by PCR and Sanger-sequencing the amplicons. The individual swab specimen within the pool containing this viral genome was then identified by PCR. Primers Sesa-F1 (5 0 -AGA TTC GCT GCC AAC TAC GGA ACT GT-3 0 ) and Sesa-R1 (5 0 -GTC CTT GCC TTT TTC GTG TCT GGT TC-3 0 ) were used for the first round of PCR, and primers Sesa-F2 (5 0 -GGT TGG TGG GAC GAA GGT ATG ATG ACA-3 0 ) and Sesa-R2 (5 0 -AGG ACT TGG AAT GGT ATG GGT CTG TG-3 0 ) for the second round of PCR. The PCR conditions were 95°C for 5 min, 35 cycles 95°C for 30 s, 55°C (for the first or second round) for 30 s, and 72°C for 1 min, a final extension at 72°C for 10 min, resulting in an amplicon of 368-bp. The positive rectal swab came from a 31.5-kg, 106-cm-long female pup that was sampled due to severe malnutrition and pneumonia. The animal (CSL-10538) was recovered and was subsequently released. Because the distribution of the picornaviruses and anelloviruses in the feces of the five animals studied was not determined, their presence in the sesavirus infected sea lion and their possible role in its symptoms are unknown.
The nearly complete genome (5,049 bases) of the sea lion parvovirus, including a partial 5 0 UTR (313-bp), complete nonstructural protein (NS1), complete structural protein (VP1), and a partial 3 0 UTR (95-bp), was generated (Fig. 1a ) (GenBank KM035804). NS1 encoded a 553-aa long protein which contained the ATP or GTP binding Walker loop motif 318 GPPTTGKS 325 [GXXXXGK(T/S)] [6] . It also contained two conserved replication initiator motifs RWHIHYAYE and INNYLLPKQY (where conserved amino acids are in boldface type) [7] . Pair-wise amino acid sequence analysis showed that sesavirus NS1 shared its highest level of identity (25 %) to the NS1 of porcine parvovirus 5 (PPV5 GenBank NC_023020) [8] . Similar to PPV5 and other members of the genus Copiparvovirus expected calcium-binding site and catalytic residues. Its VP1 protein showed the highest identity of 28 % to porcine parvovirus 5. Figure 1b shows the Sesavirus clade with a very deep branch relative to other genera. According to a recent report from the International Committee on Taxonomy of Viruses (ICTV), members of a parvovirus genus should share [30 % identity in NS1 [1] . Based on genetic distance calculation, Sesavirus is therefore proposed as prototype of a novel genus with a proposed name of Marinoparvovirus (for its origin in a sea lion temporarily housed at The Marine Mammal Center in Marin County, California) in the subfamily Parvovirinae pending ICTV approval.
Nucleotide sequence accession number
The nearly complete genome sequence of Sesavirus is available in GenBank under Accession Number KM035804.
